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MUDFL SIMPLIFICATION: A CASE STUDY OF END USE DEMAND MODEL 'MG IN THE TRANSPOR)\ATION SECTOR

Andrew Ford
Economics 6roup, Los Alumos Mational Laboratoivy, Los Alamos, New Mexico 87545

ABSTRACT

This parer considers the design of a rather siaple mode)
of petroleum use by autamobiles fn the US econamy. The model
must be simpl~ to allow it to function with‘n a larger end
use demand model under construction for wuse within the
FOSSILZ modeling system. The simple wodel has been designed
5o that 1ts behavior under reasonable conditions will
resemble the behavicr of a much more camplex model of the
nation's trantportation system. The camplex model, «nown as
ENTRANS, was corstructed at Dartmouth College for the US
Department of iransportation.

The “wmodel simpl{“ication” approach described 1n this
paper requires the &nalyst to suwnarize the behaviorsl
resnonse of the more complex model in a form that s reauily
mimicked by the simple mode). The band of uncertainty in the
relationships used in the simple model are determined through
sensftivity testing of the more complex model. Problems
inherent in the “model simplification™ process are discissed
fn the concluding portion of the paper.

INTRODUCTION

This is the second {i. a series of three rcapers presented
at this conference dealing with the DEMAND'8] energy use
simulation model under development at Pyrdue University and
the Los Alamos National Laboratory. DEM/ND'B) iy a national,
end use, energy simlction model designed specifically for
the FOSSIL2 wmodeling system used for policy studies st the US
Department of Energy. The purpose, scope, and generic struc-
tures of DEMAND 'B1 are explalied by George Backui fn the
fi st paper of the serfes(1). This paper explains why the
residential transportation sector of DEWMAND'8] was singled
out for m.re detalled study. The purpose of the paper {31 to
f1lustrate how one may construct a highly simplified mode)
sector by mimicking the behavior of a much more complex
model. By relying heavily on tne behavior of a complex mode)
of automobile use, one faces the question of hou to evaluate
the credibility of a complex mode)l. One approach {3 to com-
pare the price elasticity of demand {nferred from the behav-
for of the complex model with price elasticities obtained in
econometric models of energy use. This approach 1s discumed
by Anthony Bopp 1n the third paper of the series(2).

THE DFMAKD'81 ENERGY USE SIMULATION MODEL

DEMAND ‘81 {3 & System Dynamics mode) of the demand for
energy in the residential, commercial, fndustrial, and trans-
portation sectors of the Unfted States economy. George
Dackus, the principal architect of the mode), provides a
briet description of the model fn the first paper of this
series(1). Figure 1 shows the way (n which the demand for a
particulay type of fuel (n a 1pecific sector 1s calculated
using the “generic aisumptions™ adopted by Backus. In this
exsmple, the demand for natura) gas from subDstitutable end
utes in the nation's residential sector {s shown to depend on:

[ the number of new residences choosing natural gas over
competing fuels,

[} the residences' average furnace «fficiency,

. the overall efficiency of the average resvidence's
“1hell™ in retaining the heat supplied by the gas fur-
nace, and

. the temporary reductions in roomt heated due to budget-
ary restrictions on the sverage resident.

Figure 1 shows that each of these factors f3, In turn, Influ-
mied by thr price of naturs! gas delivered to the averape
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Figure 1.
Application of gener‘c assumptions in DEMAND'CY to the calcu-
lation of the demand for natural gas 1in the residential
stector.

residentia) customer. A fundamental assumption in the calcu-
Tation o gas furnace efficiency and the overal) efficiency
of the house {4 tnat fimproved efficiencies are only obtained
with {nvestments in better equipmert, and that the invettment
costy exhibit diminfshing returns as the efficiencies come
closer to the maximm postible efficiency. This generic
assumption {3 used throughout tle DEMAND'C] mode! with one
fmportant exception--the residential trangportction sector.

The demand for petroleum for the nation's automobiles
and light trucks cannot be treated using the generic finvest-
mnt cott assumptions applied elrewhere {in DEMAND 'B1 because
of the substantial fmprovements 'n automobile fuel efficiency
through down <ixing. Down lizln? refers1 to the redesign of
automobiles to achieve lower wright and higher fuel effi-
clency by reducing the car's exterfor dimensions while
re~aining approximstely the same {nternal space.. According
to a Federal Tatk Force stu.sy of automobile redesfgn, a com.
bination of design changes could increase a five-passenyir
sutomobile fuel economy from 18.) g to 30.7 mng and lower
the coit of the car from 34400 to 300(3). Kt only TouTd
prticular models he redesigned to schieve a higher miles-
per-qallon without higher coste, but consumers could alter
the mix of cars purchated. A shift to smuller cars would
fmprove the (lset's average fuel efficiency while lowering
the salei-weighted averape car cost.

Since down sizing s not eastly represented with tne
'mric cost assumptions used in DEMAND 81, so=t wodification
n the generic structures described by Backus{l) i3 re.
quired. Currently, research {s directed toward the develop-
mnt of an extresmely simple structure that will yield the
same peneral behavior as 4 more complex model. For thiy
“timplification™ approach to work, the complex model mst
represent down siring and auto min shifts explicitly. At
present, we are ttudying the possibilfty of building the
residentia) transportation sector to mimic the behavior of
the [XTRANS -o-do‘ of the nation's autaembile end trave)
1ectors,



THE ENTRANS MODEL

ENTRANS was developed by Adler{4), Ison(5), and
Geinzer(6) at Dartmouth College for the US Department of
Transportation. The behavior of ENTRANS during the histor-
ical perfod from 950 to 1980 along with 8 "base case" pro-
Jection to the year 2020 {3 shown 1n F1?. 2. The principal
exogenous inputs to the mode’ are the price of gasoline, the
nusber of families, and total persoral income. Growth in
families and income i3 respopsible for the steady rise In
auto vehicle miles of travel in Fig. 2. New car fuel econony
ranges from 12 to 13 mpg during the 1950s and 1960s, but the
ne car fleet miles-per-gallon rises during the 1970s and
196805 due to a combination of higher gas prices and federal
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11ustrative example of ENTRANS behavior, fuel econaomy.
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1NMustrative example of ENTRANS behavior, travel and fuel une.

regulations on the auto aanufacturers. New fleet miles-per-
gallon fs shown to level off at around 22 mpg in 1985 (an "on
. the road equivalent of the federal regulation for a 27.5 mpg
performance using the Envirommental Protection Agency's com-
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posite city-highway dynamometer miles-per-gallon measure-
ments). The average fuel economy of the cars {n use it shown
to lag hekind the new car efficiency due to the delay in

automobile turnoveir. During the period of improving auto-
mobile fuel efficiency, consumption of gasoline i1s projected
to decline. Once the fleet-wide miles-per-gallon levels off
at around 22, however, gasoline consumption 1increases over
time due to the steady growth fn vehicle wmiles of travel.

The automobile fuel efficiency shown in Fig. 2 1s calcu-
lated by taking the sales-weighted harmonic mean of the fuel
efficiencies of five classes of cars treated in the model.
These include subcompact, compact, intermediate, full-sized,
and luxury vehicles. Each car s characterized by a price, a
fuel efficiency, an intrinsic utility, and a possible price
penalty (or price reduction) should manufacturers adopt "dif-
ferential pricing” in order to comply with Fede:al regulation
on the new (leet efficiency. A model of consumer choice
adapt:d from the wultinomial regression mwodel developed by
Lave and Train(7) {s used in ENTRANS to represent the Vikely
mix of cars to be purchased in the future. Redesign of each
of the five classes of cars 1s simulated through the use of
cost curves representing the change 1n costs to obtain higher
fuei efficiency. The model putomstically mcves to a better
design for each of the five classes of cars if the cost of
the design change can be paid back in the form ~f lower fuel
costs over 50,000 miles cf travel at the current cost of
gasoline.

The vehicle miles of travel in Fig. 2 is the sum of the
miles of local travel in and around the nation's cities,
suburbs and towns and the miles of longer distance, inter-
city travel. The local travel sector it a complex model of
the travel decisions of seven different {ncome groups facing
both a constraint on the amount of money that can be spent on
fuel and {ncidental fees and a “time constraint™ that limits
the nuwber of hourt per day that can be spent behind the
wheel. The i{ntercity travel sector 1s a somewhet simpler
sector in which only a money constraint {3 {mposed to Vimit
the number of intercity vehicle miles traveled by each of the
seven income groups per year,

A useful sumary of the behavioral tendencies of the
ENTRANS model 1s given in Fig. 3, which displays the price
elasticity of gasoline usage for the situation where price
{ncreases start from a base price of $1 per gallon or from §2
per gallon. Also .howxn in this diagram i3 the time required
for a full response of the model to any price increase. The
overall elasticity 13 broken down into the auto efficiency
response (due to baetter miles-per-gallon) and to the travel
response {fewer vehicle miles of travel).
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Summary of ENTRANS response to an increase {n the price of
gasoline from a base price of §1 per gallon (in 19758).
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Summary of ENTRANS response to an fncrease in the price of
gasoline from a hase price of $2 per gallon (in 1975%).

SIMPLIFICATION OF ENTRANS OUTPUT

1f the residential transportation sector of the
DFMAND'81 mode) is to behave n a fashion sim{lar to ENTRANS,
the cutpuc of ENTRANS must be arranged 1n auch a way to allow
easy duplication, Fignre & shows how this might be done for
the DEMAND'81 calculation of the naw car flaet average fuel
efficiency. In this diagram, results from particular years
of an ENTRANS sfmulation are arrenged depending on the price
of gasolime in that year as well ag the average fuel effi-
cifency. Efficiency in Fig. 4 1s expressed in terms of "on.
the-road™ performance and {3 calculated from the sales-
weighted harmonic mean of the fuel efficiencles of the five
classes of autos used In ENTRANS. The particular simulation
results shown fn Fig. 4 dfd not fnciude the Federal regula-
tiony that require 27.5 mpg (EPA rating) by 1985, so the new
car efficiencies shown in this diagram are lower than those
shown in Fir. 2.
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Figure 4.
ENTRANS projections of new car furl efficliency versus the
pri- 2 of gasoline,

fFigure § shows the efficiency curve that could be used
in the regidential transportation sector of DFMAND'8) {f the
mdel 15 tn yield the tame annual vehicle miles of trave! as
the more complicated ENTRANS mucel. This curve prranges
ENTRANS resu'ts according to the fuel cost to rate » tew
car. These range from around 3.5 to A cents,mile In the
1970s and grow to apout & centapmile Ly the end of the
century due to the higher price of ganoline. The vertical
antg 1n Fig. 5 giver the marginal process efficlency. 1If
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Figure 5.
ENTRANS prnjections of process efficiency versus new car fuel
costs.

this efficiency 1s set at 1.0, one may assume that & family
with a combined arnual {ncome of $15,000 would require 15,000
vehicle miles during a year. Increases 1in this efficiency
fuply less need for travel for a family of a given income.

ADVANTAGES AND PROBLEMS WITH MODEL SIMPLIFICATION

The curves shown in Figs. 4 and § could be used to allow
DEMAND '8 to exhibit the same general behavior as the E!TRANS
oodel. With thete curves, one would expect the simple resi-
dentfal transportation sector of DEMAND'SY to show the same
results as ENTRANS provided both models are “driven" with the
same values of the price of gasoline, growth 1in perssnal
income, and growth 1n the number of households. When sensi-
ti/ity testing 13 to be performed, the uncertain input param-
sters in the ENTRA'S wodel would be altered, a new get of
simlation vrasults prodiced, und a new set of efficiency
curves would oe geners'ed for use in DEMAND'81. The advan-
tages of such a “"moJel simplification™ approach are three
fold, Firgt, the oby~ctive of maintaining a small sector to
operate within a larger wodeling system {3 achieved.
Secondly, the residential transportatics sector s simple
onouYn to be easfly understccd by the model user. Thirdly,
model simplification allows researchers to take advantage of
the previous investment of time and effort (leading to the
ENTR'NS model) without attempting 20 f{ncorporate the antire
ENTRANS model 1tself in the FOSSIL2 system.

The wodel simplifcation approach {3 not trouble-free,
however. Several roblews arose 1n the research with
ENTRANS. These problems are mentioned here to provide a con-
cluding note of caution to other researchers considering the
mnde) simpli{fication approach,

One problem {3 that the functions used to mimic the com-
plex wodel may be double-valued. In Fig. 5, for exmmple,
vhere are two possible process efficiencies when the new car
fuel cost 1y A.25 cents/mile. One value, taken from the
19602 ENTRANS behavior, 1s about 1.0. Later, in the 19803,
however, the procass efficiency s about 1.25. The appear-
ance of & double valued function may {indicate that explana-
tory vacfable s not the wost suitable variably to use in
mimicking the complex model. Selaction of an alternative
explanatory variable may lcad to a single-valued function.
{In the specific case of mimicking ENTRANS vehicle m{les of
travel, however, the mew C:r auto fuel cost was found to be
the best explanatory varisble. Conpequently, some adjustment
1: th;‘" to deal with the double-valued function in
Fig. 8.

A second problem with mode) simplification s mistaken
cousality. In the ENTRANS erumplc, mistaken causality can
occur in Fig. 6 {f the researcher assumes that increases in
tie fuel cost are directly responsible for the {increases fin
the process efficiency. An exsmfnation of ENTRANS behavior




shows that the increase in process efficiency (reductions in
vehicle milus of travel required for a family of a particular
income) are not entirely due to higher costs of fuel. A sub-
stantial portion of tiie reduction 1n vehicle miles of travel
are due to congestion of the natfon's highway systew, which
Timits the miles per day that many of the income groups in
the ENTRANS intercity sec“or can travel without exceeding the
maxioum number of hours “"behind the wheel.” That s, the
more affluent groups are driving less because of congestion
and not because of the higher cott of gasoline. Mistaken
causality can be a serfous problom when 1t comes time to
interpret the performance of a aodel 1ike DEMAND'61. Careful
interpretation requires one to understand both the simple
model ¢nd the complex mode]l whose behavior 15 befng mimicked.

A third problem with model simplificati~n 13 that one
must establish the credibility of e complex model. This
can be difficult if {as 13 often the case) the modc) 4evel-
opers were encouraged to fnvest their time 1n model construc-
tion and not model documentation. One particular test that
could help researchers to evaluate the performance of a
ccnplex, energy-demand model, s to alter the price of the
fuel and observe the overanll response of the mode! after the
price f{ncrease. In the case of the ENTRANS model, the
respciseé 10 Increasss in the price of gasoline s susmarized
in Fig. 3, It may be informative to compare the price elas-
ticity measured 1n this fashion with the price elasticities
obtatned Yrom {interpreting the coefficients {in regression
analysis of the demand for gasoline. This approach to mode!
evaluation s discussed in the third paper of thii serfes by
Anthony Bopo(2).
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